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Abstract Soft tissue reconstruction of the distal third of
the lower limb with exposure of the internal hardware is a
challenging problem with several potential complications,
such as exposure of the fracture line, fracture instability
and bacterial contamination. The treatment of these lesions
usually consists of substitution of the internal hardware
with external ﬁxation devices and further ﬂap coverage.
We propose a different reconstructive approach, charac-
terized by harvesting a sural fasciomusculocutaneous ﬂap
on the exposed internal hardware once a sterile ground has
been obtained. Four patients were retrospectively analyzed.
Soft tissue reconstruction was achieved in all cases. In one
case hardware removal was necessary for complete heal-
ing. The sural fasciomusculocutaneous ﬂap is a safe
alternative to other pedicled and free ﬂaps. Moreover, it
allows direct coverage of internal ﬁxators, thus completing
the reconstruction in less time. This ﬂap ﬁts best to the
morphology of the wound and internal hardware, leaving
the main vascular trunk of the leg intact and at the same
time providing a reliable vascular supply.
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Introduction
Soft tissue necrosis after internal ﬁxation with the con-
ventional plate-screw system is quite common. In subjects
with fractures treated with the locking compression plate
system, Namazi and Mozaffarian [1] observed severe soft
tissue damage leading to exposure of internal ﬁxation
devices in 23.5% of cases.
The elective treatment of exposed fractures with loss of
tissue in the distal third of the leg and the proximal third of
the foot classically consists of free or pedicled muscle ﬂap
coverage[2].Nevertheless,theexposedhardwareimpliesan
additional problem that is often approached by replacing the
internal hardware with external ﬁxators [3] and soft tissue
reconstruction in a second surgical period. This strategy
requires prolonged healing times (requiring at least two
surgeries, one for hardware removal and one for recon-
struction), long hospital stays and delayed rehabilitation.
The following series shows that patients with soft tissue
infection and internal hardware contamination might ben-
eﬁt from a one-stage debridement and soft tissue recon-
struction with a musculocutaneous ﬂap without internal
hardware removal.
Materials and methods
In this study we retrospectively analyzed four patients,
affected by exposure of internal hardware and treated with
a sural fasciomusculocutaneous ﬂap (Table 1).
Each patient underwent precise preoperative preparation
that included:
• Assessment of proper fracture reduction and correct
positioning of the internal hardware.
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to have compromised the main vascular axes of the
lower limb, arteriography should be performed.
• Exclusion of osteomyelitis. If blood exams (blood
counts, C-reactive protein and erythrocyte sedimenta-
tion rate) and radiographs show aspeciﬁc signs of
osteomyelitis, second level investigations should be
considered (e.g., scintigraphy, magnetic resonance
imaging, bone cultures).
• Preparation of a sterile ground. Wound cultures were
acquired on admission.
• If negative, debridement and pulsed water washings
are performed. In this case the sural fasciomuscu-
locutaneous ﬂap can be harvested at the same time
surgically.
• In case of positive cultures, targeted antibiotic
therapy is introduced. In addition, several debride-
ments and cleansing sessions in the operating room
are performed until negative cultures are achieved.
Bone debridement is not performed in the absence
of osteomyelitis.
Once a sterile ground has been obtained, the sural fas-
ciomusculocutaneous ﬂap operation is performed (Figs. 1,
2).
In one case hyperbaric oxygen therapy (HBOT) was
employed preoperatively.
After reconstruction with the sural fasciomusculocuta-
neous ﬂap, the ankle is immobilized with a plaster splint
until complete healing of the skin and soft tissues (usually
15 days in the absence of complications).
Complications occurring in the postoperative period
were accurately recorded (e.g., re-exposure of the internal
hardware, suture dehiscence, and evidence of local
infection).
Results
Soft tissues reconstruction was achieved in all cases. In one
case hardware removal was necessary for complete healing.
Table 1 A brief description of the treated patients is given
Case Patients
Age/
sex
Weight
(kg)
Cause of defect Defect
localization
Defect size
(cm)
Systemic
pathologies
Smoking Previous
infection
Follow-up
(months)
1 72/F 80 Talus-schapoid arthrodesis Medial
malleolus,
right foot
7 9 4 Obesity No E. coli,
E. faecalis
24
2 40/
M
85 Fixation-plates on ﬁbula and
medial malleolus
Medial
malleolus,
left foot
2 9 1.5 No 40
cigarettes/
day
S. aureus 10
3 53/F 62 Plates and screws on medial
malleolus
Distal third of
ﬁbula, left
foot
4 9 1.5 No No E. cloacae 9
4 74/F 65 Bi-malleolar fracture and
ﬁxation with plates and
screws
Medial
malleolus,
right foot
8 9 4 Type II
diabetes
mellitus
No E. cloacae 7
Fig. 1 The skin of the cutaneous island is incised to the depth of the
muscular fascia, except at the edge above the pedicle where the
incision must be extended in depth to the superﬁcial subcutaneous
layer. The muscular fascia is then anchored with absorbable stitches
to the dermis. The muscular fascia is then raised toward the middle
line from both sides. At 2 cm from the gastrocnemius groove, a full-
thickness muscular incision is performed parallel to the gastrocne-
mius groove. The incision ends at the soleus fascia and conserves it.
Finally, a cutaneous broken-line incision along the axis of the nerve is
made. Cutaneous ﬂaps are lifted, and the sural nerve lies in
subcutaneous tissues that are exposed
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A 72-year-old woman was referred to us after right foot
talus-scaphoid and talus-calcaneal arthrodesis through a
medial sub-malleolar access (Fig. 3). A full-thickness
skin necrosis measuring 7 9 4 cm (Fig. 4) was observed.
Infection with Escherichia coli and Enterococcus faecalis
was ascertained, while no signs of osteomyelitis were
observed.
Arteriography displayed patency of the vascular axis
and viability of the posterior tibial artery to the ankle. The
size of the defect precluded the use of a local ﬂap, while the
depth of the wound and the existence of internal hardware
made the sural fasciomusculocutaneous ﬂap preferable to
the fasciocutaneous ﬂaps.
Three weeks after surgery a cutaneous ﬁstula appeared
on a ﬂap margin. The ﬁstula healed with the removal of the
screws 2 months after surgery (Fig. 5).
Full weight bearing was allowed 2 weeks after healing
of the ﬁstula.
Fig. 2 Subcutaneous layers are incised at full-depth to reach the
gastrocnemius fascia from both sides. Therefore, a subcutaneous
pedicle is manufactured, containing the vascular axis and the sural
nerve
Fig. 3 The X-ray shows the talus-scaphoid and talus-calcaneal
arthrodesis and the two screws
Fig. 4 The middle sub-malleolar area of the right foot sustained a
soft tissue necrosis with a thick scar
Fig. 5 The result 11 months after surgery
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A 40-year-old man suffering from ﬁbular and medial
malleolus fracture of the left leg underwent surgical
reduction with plates and screws. Twenty days after the
orthopedic surgery, wound dehiscence and exposure of the
distal part of the ﬁbular plate were observed. Swabs
revealed an infection with Staphylococcus aureus. Before
any further surgical procedure the patient underwent
hyperbaric oxygen therapy, antibiotic therapy and local
debridement until cultures were negative. The ﬂap healed
uneventfully in 20 days, and full weight bearing was
allowed 30 days after surgery. The patient kept smoking
during the whole period.
Case 3
A 53-year-old woman presented with a left foot medial
malleolus fracture repaired with plates and screws. Fifteen
days after the orthopedic surgery the wound exhibited
dehiscence, exposed plates and bacterial infection with
E. cloacae. After antibiotic therapy, pulsed water washings
with antiseptics and debridement, a sural fasciomusculocu-
taneous ﬂap was performed. In the postoperative course a
cutaneousdehiscencewasobservedthathealed20 daysafter
surgery. Ten days later, full weight bearing was allowed.
Case 4
A 74-year-old woman underwent surgery for reduction and
ﬁxation with plates and screws of a bi-malleolar fracture of
the right foot. The patient suffered from type II diabetes
mellitus and had been on insulin therapy for 20 years. She
was also diagnosed with hepatic cirrhosis secondary to
chronic hepatitis B and past ascites. Three days after sur-
gery the patient reported extended cutaneous necrosis at the
medial malleolus of the right foot. The patient came to our
attention 30 days after the ﬁrst operation with wound
dehiscence, exposed plate and infection with Enterococcus
cloacae. The infection was treated with targeted antibiotic
therapy (ciproﬂoxacin and teicoplanin), debridement and
pulsed washings. The exposed hardware was covered with
a sural fasciomusculocutaneous ﬂap. Following surgery, a
small area of superﬁcial necrosis of the ﬂap occurred. The
necrotic area healed in 30 days after debridement and
dressings with collagenase. Forty days after surgery, full
weight bearing was allowed.
Discussion
The coverage of internal hardware is a common problem
amongorthopedicandplasticsurgeons.Thesolutionusually
consists of removing the internal ﬁxation devices and
applying external hardware. However, this strategy displays
some drawbacks. In fact, it requires additional surgery in
parallel with our approach, thus presenting higher surgical
risks,especiallyinolderandunstablepatients.Moreoverthe
encumbranceoftheexternalhardwarecanimpairharvesting
of a pedicled or a free ﬂap, reducing the reconstructive
options in some cases.
According to our experience, the priority should remain
the coverage of the damaged area in the shortest of times in
order to avoid complications such as exposure of the
fracture line, bacterial contamination and fracture insta-
bility due to hardware loosening [4].
In our case series, once a sterile ground had been
obtained, a sural fasciomiocutaneous ﬂap was harvested
and directly applied over the internal ﬁxator.
This strategy is supported by Tan [5] who employed
pedicled muscle ﬂaps to cover exposed internal hardware
after removal of infection. Mathes [6] stated that internal
hardware coverage could be performed also in patients
suffering from osteomyelitis.
The required ﬂap should be sufﬁciently safe, trophic and
able to cover the internal hardware ﬁlling the death spaces,
acting like a ‘‘buffer layer.’’ The sural fasciomusculocu-
taneous ﬂap can satisfy these requirements, providing a
simple and one-stage technique, the vascular reliability of
the fasciocutaneous sural ﬂap [7] and the pliancy of a
muscular ﬂap to the surfaces of the ﬁxators [8], without
compromising the main vascular axes of the leg.
Disadvantages of this ﬂap are the poor aesthetic results
at the donor site (especially in those cases that require split-
thickness skin grafts), the sacriﬁce of the sural nerve and
the poor pliability (although not limiting) to a curved sur-
face due to the inclusion of the muscle. The possible
functional limitation resulting from the partial muscular
sacriﬁce had no clinically relevant consequences.
Muscular ﬂaps (e.g., the soleus muscle ﬂap, extensor
digitorum brevis), perforator ﬂaps and free ﬂaps could be
employedasalternativetothesuralfasciomusculocutaneous
ﬂap. Nevertheless, the reliable vascularization, thickness,
size, pedicle length and harvesting simplicity make the sural
fasciomusculocutaneous ﬂap preferable to cover exposed
internal hardware in the distal leg and proximal third of the
foot compatibly with the location and size of the defect.
In our case series we employed the sural fasciomuscu-
locutaneous ﬂap on large wounds, achieving full recon-
struction of soft tissues and successful coverage of internal
hardware in three cases. We observed ﬂap survival in all
cases, although suture dehiscence, superﬁcial necrosis and
ﬁstulae were observed. Donor site morbidities were not
recorded.
Debridements and pulsed water washings are relevant
issues for a proper reconstruction. In addition, HBOT could
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of soft tissue and impairment of local vascularization (e.g.,
fractures classiﬁed as IIIB or IIIC according to Gustilo) [9].
In fact, HBOT improves tissue oxygenation, thus promot-
ing tissue regeneration and preparing the wound bed’s
vascular status. HBOT can also be employed postopera-
tively for ﬂaps suffering from edema, stasis and cyanosis.
In our case series, one patient underwent a treatment cycle
of 12 sessions [10].
We believe that the sural fasciomusculocutaneous ﬂap is
a valuable reconstructive option for wounds of the lower
leg and the distal third of the foot with exposure of internal
hardware, although larger case series are necessary to
precisely deﬁne the indications and limits of this versatile
reconstructive choice.
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